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D««r  Pr*   DuJiAondt 

I  an  sendln.'?  yon  a  e- ort  note  couooroing  tha  problom 
of  tbs  aooentua  aau  eijsrg/  u&xfuiice  in  tha  wava  produead  by 
a  flying  bullet* 

In  our  diaeuaalon  th»  following  pointa  vara  iMda* 
If  ir.«   uuilet  niae   »ltb  oo  stent  apaad,    the   praaaura  It 
axarta  agalnat  tl^e  air  does  work  and  hanoa  anargy  la  fed 
at  a  eonatant  rata  Into  t^e  wave*     Flight  «ltb  oonatant 
apaad  could  therefore  ha  maintained  only  if  energy  ia 
oonatantly  fed  into  the  ballet*     If  that   ia  not  done^   the 
bullet  i«lll  be  decelox^tad  and   the  amount  of  energy  loat 
to  tbe  «ave  will  deoreaae*     In  order  to  cheok  the  ttoaMBtwn 
and  energy  balenoe  with  experlmant,  it   ia  probably  a  8uf« 
fioient  aoT^roxlantion  to  oonaider  the  bullet  apeed  ao«ant« 
arily  ognstant* 

k  part  of  the  energy  fed  into  the  wave  ia   trana* 
trnvamt  into  haat  eainn  to   the  viaooaity  aotlng  in  the 
ahook  ironta*     Thia  effect  of  viaooaity  ia  aeoounted  for 
in  the  (ianklne-^ftigoniot  relationaj   it  can  thua  not  be  l(j» 
nered*     The  aotion  of  viaooaity  between  the  two  ahook  fronta, 
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ho««Yor,   can  safely  ue  oegleoted,   x  sliould   think* 

ijsX.  us  conaldox'  &  rotatlonally  syauaetrlo  bullet 
which  files  with  constant   speed*     Tho  roBultln!:?  flow  la 
tii-a  filao  i^ot&cion&liy  ayojaetric.      ^nis  lio.  ■.  .jraotar- 

laed  by  «   "lirat*'  ahock  frwit,  which  beglna  at  the  tip  of 
tha    bullet  or    In  front   of   itj    ^j  a   "Bocond*'    E^■on^-    front, 
Btiloh   bet^ixiu  aaa      ihe   T'iXiX  u.     .        uaa  airi'aco   Oi    tna   uiiiotj 
and  tha  wake^  which  beglna  at  the  end  sorfaoe  end   whose 
ci^sa-sectlon  decrease^  eventually  ajiproachlnjr  e  aonctant 
nroa. 

©»  air  Is  at  rest  In  front  of  tho  first  ahock  frontj 
the  aaste  la  asaoiaed   to  be   true   swfflclQntly  fer  bohlnd  the 
aeoond  ahock  front*     Also,   the  preasui'Q   Buiixciantiy  far 
behind  tho    oecond  ahock  front  la  aasimed  to  equal  the  prea- 
aure  p^  In  front  of   the   first   a'-ock  front.     The  wake   la 
not  well  deliiiiltou  in   roajiity  end   the  flow  In  It   Is   turbu- 
lent*    HsTertheleaa,  one  may  probably  aasisae  with  good  ac- 
fsuraoy  that   the  velocity  In   t?i8  wake  la  t  ha   aamo  aa   that  of 
the    bullet* 

W«  place  the  x-sxla  alon^^  the  fli<7ht  path,   poaltive 
la  thi  direction  opposite   to   that  of  flight}   the  dlatasee 
fros:n  the   a:Kl8  la  denoted  ty  r*     Let  tJ  be   tha   epeed   of  the 
bulla t«  u  and  v  the  axial  and  the  redial  conponent  of  the 
air  velocity  poaltive   in  direction  of  inoreaainfr  %  and  r 
rca    .!    I   voly.      The  Gonsity  of   the   air  la  ^  ,   the  pz^aaure 
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p,   tho   Intornol  •nergy  p.    u«  maas  #,   «n(i  th«  enthalpy  p.    u. 
oaeu   Ifl   1  »  •   -f  pA)  .      Th«  force  axertod  by   the  Ijullet  acralnat 
tl»    air  tn  direction  of   flight  la  denoted   by  P. 

^  {0),   (1),    (iJ),   (5)  we  characterize   the   regions   In 

front   of  the  first   ahook  front,   between  the   tfto   a'-ock  fronts. 

In 
behind   ths   second   ahock  front,   and   the  woke  region* 
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To  formulate  the   laws  of  conservation  of  ma^'S,  laoraentum, 
and  energy  it    is  most   convenient   to  consider  a   cylindrical 
"teat   box"   aa  indicutoa  in   the  diagram.     The  aurfaoe  of    tl» 
box,   the   "teat  sux^face**,   consists  of  the   lateral  sections 
Q^p  S^^,  Sg,  and   the   crosB-aectiona  c^,  Q^,  and   i^r*   the  aub- 
soript  corroeponding  with  the  labels  of  the  regions   in  which 
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th*8«  flections   lie*      The   oross-fleotlon     ^  is  auppoi^od  to 
lie   80   far  behind  the  second   shock  front  that    the  velocity 
tbore   can   be  a^smued   to  be    2oro  atid   the   prassure   to  be  equal 
to  Pjj.      ^  Qq,  irij^,  <4g  we  also  denote    tJie  areas   of   the  sur- 
facea  ^^t  %»  Qj*      By  p,,,  f> ^,  p2  =  p^,  ^Og,  ne  denote  pressure 
and  density  in  I'egion   (o)   and   on  surface  Q.^  i^apectlvely. 

Velocity  vectors  ct  various  points  of   ths   teat 
surface   are  indicated. 

In  view  of  the  rotational  ayrametry,   surface  integrals 
are  reduced   to  simple   Integrals. 

TJie  law  of   conservation  of  mass  ean   then  be  given  the 
form 


To  interpret   this  relation  «e  may  argue   that   tJie  mass  between 
the  two  shook  waves,   contained  in  the   teat  box,  rsmaina   the 
aana*      Fbnca   the  decrease  of  bmss  in   the  part  of   the   box  in 
front  of  the   first   shock  front,   the   first   tern**  in  relation  I, 
equals   the   sum  of   the   increase  of  xaass   in   the   pert  of  the   box 
behind  the   second  shock  front,   the   t'lrd   term  in  I,  and   the 


♦It  is   clear   that    tlie  T3ctor  behind  the  first   shock  front   is 
perpendicular  to  it  since    this  front   novas   into  quiet   sir. 
In  front   of   the   second   shock  front   the   vector  is  sfrain 
directed   toward   this  front  near'  -   '  jrpepdicular   to  it  since 
the  air  behind    it    is  nearly  br.  to  rest.      Consequently, 

the  velocity  vector   turns    through  180     along  S,j   it   is 
doubtful   though!    whether   it    turns   in   the   positive   sense 
as  indicated  in    lie  figure  or  in  the   negative   aenaa* 

We  denote  by  xerm     an  expreaaion  without   the   sign  in  front 
of  it.  
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nwt  :nas8  £lux  p.  u*  tjbn*  out  of  tba  box  aoi'^ss,  r  +  i.  , 
ths  seoo!id  tax'ix  in  !•  (ii:i0l4«.>t»ll>>  th^i  890"i»v  W'la  it 
positive  sine*  %,Q  >  -^  arvd  fi  >  Pa  ®^  •xplalried  a  ilttl* 
later*  ) 

'ihe   law  of   ounaarvritlon  of  nomontiaii  a«&   tm  glv«n  tho 
form; 


II  -8Tr    I  iOttv  XHix  •  P 

'•     ^1"^2 


l9ft  hsBd  dido  it  th^   total  nontntitft  in  flight  direotlon 
tlmvXns  cmt  of   tb.9  toctlon  ii-^  ■*■  ^n  P®^  unit  tisw. 

The  lavs  of  ooaavrvatlon  of  oiMrKy  oan  be  oxpraaaad  by 

'Z^i^fiJJ^^  ♦  2ir  I  (1  +  |u®  ♦  ^v®)pv  rd  X  4  a'NTig^OgTJQg  «  ITO, 

-1^2 

Th»  tooooG  t«ra  rapirasanla  tha  son  of  onthalpjr  and  klnotio 
•nargy^  which  flow  out  of  aae tiooa  4^<,    -»  i-o,  tba   third  and 
first   tars  r-a  pre  sent  gain  and  lota  of   anthalpy  p.   u«   tiiM 
is  tha  region  Imiaedlataly  behind  tha  aeoond  and    in  front 
•f  ttot  fir^t   »book  front  reapeotively*     Clearly,   the  set 
gain  and  outflow  p«  u*  ttue  of  onthelpy  and  kinotio  energy 
equala   tha    power  of  the  feree  exerted   by  the  bullet* 
Por  polytropio  ^aaea  one  haa 

henee   ip  *»  ■^oPo  **"    --g*   ***    third   term  in  III  can  therefore 
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lAj   CO.  binod      ith  thi  first   oc«  to  give 

III'       fiir  f  (1  4-  |u^  +  ^^)^  V  rd  X   -  i^'^^Vo^-'-S  ■  ^ 

A  tliBllar  slmpliflofitlon  Is  not  possible  with  relation 
I  alac«  the  d  en  a  it  y^^  behind  tSw  tecond  shock  front   le  I'tss 
than  Pq,  the  (density  in  front   of   tb«    ri.  r^f    a'  o-^i-  front. 
This  folloyis  fpori  the   feet  that  foi'   th«  »ii>    in  '  "-n   (2), 

having  orosaed  ti«o  ahock  fi^nta,   the  entropy  la  greatar    than 
In  reicrlon   (o)|  hersee   »■>/>,'    la  greater   In   (2)   than  In   (o)   end 
since  Pg  w  p^  it  follo^a   that  f^  *  Pq* 

It  May  furti«r  be  noted  that  tlia  velocity  (u^v)  la 
region   (2)   la  rt>»r  anall  and   that    the   Integrala  extending 
over  section  Sg  may  probably  be  neglected* 

For  a   oheok  of   relations  II  and  III     It   la  therefore 

•■••ntltlly  only  neoaaaary  to  know  the  qnantltlea /o  ,1|U,  and 

(approx- 
V  on  the  aegneht  S^«     The  quantities   c  and   1  can  be  eaally     imatel^ 

deternlaad  from  the  •xperlnentally  found  pressure  distribu- 
tion alon./j  Sj^.     To  this  end  one  nay  male  ttse   of   <^^  •   formula 

^1  Pq   ^^  2       V-j, 

where  the  aubaoript  o  refers  to  the  region  (o)  in  front  of 
the  first  ahook  fronts  the  aubaoript  1  to  tha  beok  aide  of 
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thla  shock  front   (and     ot   to  th©  whole  region   (1)  behind  it|. 
We   have  set 

jar  *  T+T » 

for  air  withV=  1,4  we  have  fi^  =  ^,      ^^  n^  differs   little 


J?o 


from  one,   we  have 


fl   "/^o   .     1  Pi  "  Pp.   ,  5  Pi  "  Pq 
/^©  7     Po        ^       ^7         Po     • 

The  relative  rise   in  entropy   la     Iven  iTy 

pipr  -  pq/^o" 

B   quantity  which  turns  out    to  vanish  in  first   and  even  second 
order* 

Along   the    segment  3^  the  entropy  is   not  exactly  conatai  t 
since  the  different  particles   on  S,   have   crossed   the   first 
shock  front  at   different    places  end   thus   acquired   a  different 
change   In  entropy.      L.ince,  however,    the  entropy  change  is 
negligibly  small  anyisay,   one  may  v»ell  assuine   the  entropy  con- 
stant on  Sj^.     Ko   great  error  is   Indeed  cornnltted  by  determin- 
ing the  density  o  In  S,   from 

.1  -  1  -  1 

^P     ^«    f^lPl     '^  ••    /%Po     ^^  • 

The  enthalpy  p.   u.  raasa  along  5^  can   then  bo  dotertnlned  from 

^'        £ 

i    a  <       ■*•    . 
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Tbm  flow  lu  ragioo   (1)  is  neltb»r  qulta  Isoutroplc 
nor  quit©  Irrotational  el  ace  the  itrength    .:    -    --  -«»^    shock 
front   varies.     IX  it  «jre,  iiernoulli»B  ©qustlon 

would  be   valid.      ■  Inco,   how#v«r,   tha  entropy  change   is  of 

third  order,   no  gx»«at  error  la   oojariltted  in  assuming  liernoulllU 

la«  to  be  velld   slon^  o^^.     Relotion   III     then   Is  slaplif lad  to 

III"      '^"^^Q  ^vrUx   -  2m  I  /Ouvrdx  -  2Tfi^^^U      g  «  FU 

It  would  seed  that  knowledge  of  the  radial  component  T/lslofng 
:j,   -f  Go  were  neoesesry  to  irerlfy  III     •     The   tvfO  integrals, 
hoiseTer,   can  be  directly  detemlnod  fron  relations   I  and  II* 
Relation  III       then   reduces   to 

/  o      /  2 
and  relation  I  aasoBMS   the  simpler  f^rm 


^1*^2 
Hsnoe,  under  the  various  siaplifying  assuaptiona  node  relations  I 
and  II  are  the  only  ones  to  be  verified*      fhey  Involve  the  ve- 
locities  (u,v)  elong  S^  but  not   the  pressures*     J^nonled^ie  of 
the  pressure  would,  heaever,  only  furnish  approximate  knowledge 
of   (U  ♦  u)     "♦•  V     by  Bernoulli's   law* 

It  thus  appears  that  a  verif  loetlon  of  the  oonservatlon 
laws  in  which  tha  experimental  pressure  distribution  enters  is 
not  possible  without  kiMHiledge  of  t>e  velocity  distrilmtion* 
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I  thouut^-t  it   r>««toneble   to  as*  for  S^  «  llna  prnml- 
1«1  to  t^»  axis  8lnc«    I  uad«r stand  that   tb«   pr«»«Br«  dl«» 
trll:)ution  la  jmaaurod  on  such  a   lls«   (or  what  la  aqulvalani, 
et  a  fixed  point  at   various  tlraea). 

Instead,  OM  ?)'.Siht  tx*7  to  uaa  for  3^  a  lloa  the 
tangant  of  ableb  at  @aeh  point  ha»  just  tha  flov  direction* 
?his  la,  however,  no?      '^"sibla  ovixi^  to  tha  paoullar  behavior 
of  tlia  valodtif  veotoi's  ;>dt«aea  tha  ttto  shook  fronts*     fha 
•saentlal  featura  of  this  bahavierji  indioatad  In  Figure  1, 
la   that   tba   velocity  veotor  turns   through  about  IBO^  along 
s«*     That   this  la  eo  foXlo^a  fr^ia  the  faot  that>oo  pesalfig 
tba  first  shook  front,  tha  air  le  set  la  action  ahlla  on 
passing  ths  seeond  f'^^'^t  the  air  Is  nearly  stopped* 

Another  poaslMllty  wight  l»  eonalderedi  viz,,  to 
use  for  Ci^  ***  ^s  *  -^^^^  vhlch  aoulc^   be  the  atreanXlae  afteo 
fte  flow  Is  eonalderod  froKi  the     ovlag  ballet*     »ueh  a  Hoe 
ruDs  about  as  lodloated*     The  lees  of  ooneervatlon  asausM 
a  particularly  simple  forxa  i»hen  referred   to  thle  Una* 


o 


MimmiML 


,ii  u 


r,^.s 
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Thl  raason   Is   that  the  flu:!c  p.    u.    tlrno  of  im8''«  aomdntuB, 
or  enorgy  across  this   lino   ia  balunoed  ]yf  the  o^iarige  p»   u« 
time  of  thsse  quart tl ilea  rasultlnp  frow  th«  fact  that  the 
section  of   the   region   (1)   cut  vu^    v    '«  +  3,    +  Sg  ohangee 
in  time* 

Th9  formulas  I,   11,   III     becoiM 


TtM  fomtulaa  are  very  airaplo   Uit  to  verify  then  it 

mould  again  iw  neceaaary  to  know   the  directions  of  the  flo*-in  order 
to  be   able   to  draw   the   particular  lines  S,    and  Sg  assumed. 
1!h«t  no  teruu  reforriog   to  the  flux  aorosa  3^  ■*■  S^ 

occur  follona  from  the  faot  that^aa  aean  froai  the  bullet^ 

no  auch  flux  occura  and  that  the   three  eonaenration  lava 

I  «  0,   II  «  P,  III  «  Ftr  are  equivalent  to  the   laws 

I*  «  0,   n*  ■  P,   III^  «  0  expreaaing  oonaerv&tion  of  :^8a« 

nonentua  and  enex*gy  as  seen  fr<»a  the  bullet*     That  doee  not 

Me«B  that   the  lava  are  peixniise  equivalent.     As  a  aetter  ot 

fact,  one  haa 

I*  »  I  «  0 

II*  •  II  -  tr  I  ■  F 

III*«  III  -  U  II  •♦•  ^  U^  I  »  0 


'liW  NO.    71  -li- 


the  fact 
Gloorly,   III"   e::;.rj3;:es /I hat   the   bullat  uuea   no 

liork  when  the-.^g>);>fl^V«p/ajijpv»«rA*l%liJ"lWTi'Faiirt!    the  energy  is  drawn 

from  the   incoalnr  ^.flo.vr*  v,-i''  s-^cW  nojgmifesW  !» 

I  htve   ait5.aj"s   iounu    the   three   lews   I   ,   II*",    III 
araob  easier  to  derive   ond  I  have   beoome  eocustosied   to 
thinking  in  terme  of  them  aince   the     are   equivalent   to 
I,    II,    Hi  anyv^ay. 

I  em  sorry   that  I  do   not  see  e  ««y   to  derive  fonaulas 
•bich  could  be  verified   by  uslnc    the  exTsorlnen tally  found 
pressure  distribution*      lieverty^leas,    j.   nope   that  ny  reaarka 
will  have   aone  interest  for  you. 

sVith   beat  regax'ds,   I  aa 

Very  8incei"«ly  youra, 

E.   0«  Priedricha 

PS.      I  juat  read  with  ^reat    pleaeure  your  report  on  rocket 
effleienoies  plua  appendices* 
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